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Adaptation to the highland and its changes in Ladakh, the Himalayas （2） 
: focusing on lifestyle-related disease





















　A medical survey was conducted in 3 settings in Ladakh, India to reveal the health status of the people dwelling 
in the central town, Leh （3600m ASL）, nomads in the Changthang plateau （4200-4900m ASL）, and farmers in the 
Domkhar valley （3000-3800 ASL）. As a result, we found；1） a higher prevalence of lifestyle-related diseases such 
as diabetes and hypertension in the urbanized towns, 2） a correlation between higher altitude and higher blood sugar 
levels, 3） a prevalence of diabetes among both the people who had higher energy intake and higher hemoglobin levels, 
and among the people who had lower energy intake and lower hemoglobin levels. Finding 1） might be explained by 
epigenetics and the Thrifty gene, but no simple explanation exists for findings 2） and 3）. The long lasting process of 
adaptation to the low oxygen environment might play a role.
　According to Beallʼs studies, Tibetans have adapted to the low oxygen levels via a “blood flow increase” mechanism 
























































Andeans had adapted to the low oxygen levels via a “hemoglobin increase” mecanism.
　Some of our findings echo Beallʼs hypotheses. However, polycythemia （high hemoglobin level） was observed 
even in the case of the elderly people in Leh and Domkhar where the lifestyle has come to change. This phenomena 
contradicts Beallʼs hypotheses.
　Our study has investigated into the cause of the discrepancy. As a result, we attempt to elucidate actual situation 
of oxidative stress in highlanders and its relation to the low oxygen, and also the association between oxidative stress 
and diabetes. We hypothesize that the Tibetan highlanders had adapted to the low oxygen by increasing blood flow 
and vasodilation by increasing nitrogen levels. However with aging, they lose their adaptation balance. Combined 
with the drastic changes in lifestyle and appearance of obesity, the excessive nitrogen works to increase the oxidative 
























































































































































































（Teramoto et al. 2008：569-571）。睡眠時呼吸障害の人に、ブドウ糖負荷テストを早朝に行うと、空腹時の高血糖が特徴である





















































りやすいことが報告されている（Tamar i z e t a l . 
2008：1153-1160）。また、呼吸障害等による体内低酸
素が、糖尿病の発症と関連があることがわかってい




































































































































































やはりヘモグロビン濃度が低い（Beall et al. 2010：






























































































































































































































































り、低酸素適応している（Erzurum et al . 2007：
17593-17598）。チベット系住民の酸化ストレスが、ア
ンデスの住民や漢人より高いのは、この高濃度のNO
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